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$EVWUDFW²7KH KRPRSRODU LQGXFWRU PDFKLQH +,0 KDV
DWWUDFWHG UHFHQW LQWHUHVW LQ WKH ILHOG RI IO\ZKHHO HQHUJ\
VWRUDJHV\VWHPGXH WR LWVPHULWVRIKLJKVSHHGRSHUDWLRQ
DQG ORZ LGOLQJ ORVVHV ,Q VRPH VLWXDWLRQV WKH DQDO\WLFDO
PHWKRGV RI D FRQYHQWLRQDO ZRXQGILHOG V\QFKURQRXV
PDFKLQH :60 FDQ EH XVHG WR DQDO\]H WKH +,0 EXW WKH
FOHDU H[SODQDWLRQ DERXW ZK\ WKHVH FDQ EH GRQH DQG WKH
UHODWLRQVKLS EHWZHHQ +,0 DQG :60 ZHUH QRW JLYHQ LQ
OLWHUDWXUH7RDGGUHVVWKHVHLVVXHVWKLVSDSHUVWXGLHVWKH
+,0EDVHGRQ WKHEDVLF WKHRUHWLFDOPRGHODQGHTXDWLRQV
)LUVWO\WKHVWUXFWXUHDQGPDJQHWLFFLUFXLWFKDUDFWHULVWLFVRI
+,0DUH LQWURGXFHG6HFRQGO\ WKHPDWKHPDWLFDOPRGHORI
+,0LVGHULYHGDQGWKHQGHFRPSRVHGZKLFKLQGLFDWHVWKDW
WKH +,0 FDQ EH VHHQ DV D :60 ZLWK ODUJH HQG OHDNDJH
LQGXFWDQFHZKHQURWRUWRRWKZLGWKࣂ࢚ ൑ ࣊ȀܘRUFRQVLVWLQJRI D :60 DQG D V\QFKURQRXV UHOXFWDQFH PDFKLQH 650
ZKHQ ࣂ࢚ ൐ ࣊Ȁ࢖  7KLUGO\ WKH SHUIRUPDQFHV RI +,0 DQGFRUUHVSRQGLQJ PDFKLQHV LQFOXGLQJ DLUJDS IOX[ GHQVLW\
GLVWULEXWLRQ EDFN HOHFWURPRWLYH IRUFH DQG LQGXFWDQFH
SDUDPHWHUV DUH DQDO\]HG DQG IXOO\ FRPSDUHG )LQDOO\ DQ
+,0LVSURWRW\SHGDQGWHVWHGRQDQH[SHULPHQWDOSODWIRUP
7KH VLPXODWLRQ DQG H[SHULPHQW UHVXOWV VKRZ WKDW LW LV
UHDVRQDEOHWRUHJDUGWKH+,0DVD:60RUDFRPELQDWLRQRI
:60 DQG 650 7KH FRQFOXVLRQV FDQ EH DSSOLHG LQ WKH
VLPSOLILFDWLRQRIWKHGHVLJQDQGDQDO\VLVRI+,0
,QGH[ 7HUPV(TXLYDOHQW PHWKRG KRPRSRODU LQGXFWRU
PDFKLQH+,0ZRXQGILHOGV\QFKURQRXVPDFKLQH:60
120(1&/$785(ܧ଴ 1RORDGEDFNHOHFWURPRWLYHIRUFHEDFN(0)ܷ 7HUPLQDOYROWDJHRI+,0ܫǡ ܫௗ ǡ ܫ௤ &XUUHQWRIDUPDWXUHZLQGLQJDQGLWVGDQGTD[LVFRPSRQHQWVܺௗ ǡ ܺ௤ 5HDFWDQFHVRIGDQGTD[HVݎ௔ 5HVLVWDQFHRIDUPDWXUHZLQGLQJߤ଴ $LUJDSSHUPHDELOLW\݃ଵǡ ݃ଶ 0D[LPXPDQGPLQLPXPOHQJWKVRIDLUJDS݌ 1XPEHURISROHSDLUV
PQǡ ɋ 1XPEHURIKDUPRQLFVߠ 3RVLWLRQDORQJWKHLQVLGHRIVWDWRUUHODWLYHWRWKHD
SKDVHD[LVߠ௥ $QJOH EHWZHHQ URWRU IUDPH GD[LV DQG DSKDVHD[LV௦ܰ 7RWDOQXPEHURIWXUQVIRUHDFKSKDVHܫ௙ ǡ ܫ௙ǡ௟ )LHOGFXUUHQWRI+,0DQGHTXLYDOHQWPRGHO(0௙ܰ ǡ ௙ܰǡ௟  1XPEHU RI WXUQV SHU FRLO RI +,0 DQG (0 ILHOGZLQGLQJ
DEF 1DPHRISKDVHV݇ே௠ :LQGLQJIDFWRUFRUUHVSRQGLQJWR݉WKKDUPRQLF߶௅ ǡ ߶ோ )OX[HVRQWKHOHIWDQGULJKWVLGHRIILHOGZLQGLQJ 3DUDOOHO EUDQFK QXPEHUV IRU HDFK DUPDWXUH
ZLQGLQJ
ܨ௝ 00)JHQHUDWHGE\SKDVHM௝݅ &XUUHQWRISKDVHMȦ௦௅ሺߠሻ 3HUPHDQFHIXQFWLRQRIWKHOHIWDLUJDSRI(0Ȧ௦ோሺߠሻ 3HUPHDQFHIXQFWLRQRIWKHULJKWDLUJDSRI(0
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VRQHRIWKHSRSXODUHQHUJ\VWRUDJHWHFKQRORJLHVIO\ZKHHO
HQHUJ\ VWRUDJH V\VWHP )(66 KDV WKH PHULWV RI KLJK
SRZHU GHQVLW\ ODUJH QXPEHU RI FKDUJHGLVFKDUJH F\FOHV IDVW
UHVSRQVH WLPH SROOXWLRQIUHH >@ >@ ,W KDV EHHQ ZLGHO\
HPSOR\HGLQWKHILHOGVRIWUDQVSRUWDWLRQSRZHUJULGPLOLWDU\
DHURVSDFHDQGVRRQ>@
,Q WKH )(66 DQ HOHFWULFDO PDFKLQH LV HVVHQWLDOO\
LQGLVSHQVDEOHWRFRQYHUWWKHNLQHWLFHQHUJ\WRHOHFWULFDOHQHUJ\
DQGYLFHYHUVD7KHPRVWZLGHO\XVHGLVSHUPDQHQWPDJQHW30
V\QFKURQRXV PDFKLQH IRU LWV VLPSOH VWUXFWXUH DQG KLJK
RSHUDWLRQ HIILFLHQF\ >@ +RZHYHU WKH 30 PDFKLQH ZRXOG
VXIIHU IURP FRQWLQXRXV IUHHZKHHOLQJ ORVVHV FDXVHG E\ WKH
VWDWRU FRUH ORVV DQG URWRU HGG\ FXUUHQW ORVV 7KRXJK WKH
HIILFLHQF\RI30PDFKLQHLVKLJKWKHLGOLQJORVVHVZRXOGEHD
SDUW RI WKH WRWDO HQHUJ\ VWRUDJH DQG UHVXOW LQ D KLJK VHOI
GLVFKDUJHUDWHHVSHFLDOO\LQD ORQJWHUPVWDQGE\VWDWH>@7R
UHGXFH WKHLGOLQJ ORVVHVRI30PDFKLQHV WKHFRUHOHVV VWDWRUV
DQG+DOEDFKFRQILJXUDWLRQVDUHDGRSWHG>@7KHSRZHUGHQVLW\
RIWKRVH30PDFKLQHVZRXOGEHUHGXFHGGXHWRWKHLQFUHDVHRI
HTXLYDOHQWDLUJDSOHQJWK%HVLGHVWKHFRPSOH[LW\DQGFRVWRI
WKRVH 30 PDFKLQHV ZRXOG LQFUHDVH 7KH HOHFWULFDO PDFKLQHV
ZLWKRXW30VFDQHIIHFWLYHO\VXSSUHVVWKHLGOLQJORVVHV)RUWKH
KLJKVSHHG LQGXFWLRQ PDFKLQH WKH VROLG URWRU WRSRORJ\ LV
XVXDOO\SUHIHUUHGGXHWRLWVPHFKDQLFDOUREXVWQHVV>@,WKDVWKH
PHULWV RI VLPSOH DQG KLJK VWUHQJWK URWRU VWUXFWXUH DQG KLJK
FLUFXPIHUHQWLDOVSHHG:KLOHWKHVROLGURWRUVWUXFWXUHODFNVEDUV
WKDW SURYLGH KLJK FRQGXFWLYLW\ IRU WKH URWRU LQGXFHG FXUUHQW
ZKLFKUHVXOWVLQWKHUHODWLYHO\ORZHIILFLHQF\7RUHGXFHWKHORVV
RQWKHURWRU WKHPHWKRGVLQFOXGLQJWKHD[LDOVOLWWLQJRIVROLG
URWRU>@FRDWLQJWKHVROLGURWRUZLWKDFRSSHUOD\HU>@RUWKH
URWRUPDGHRIODPLQDWHGKLJKVWUHQJWKVKHHWVWHHOV>@DUHXVHG
7KHVHPHWKRGVFRXOGHIIHFWLYHO\UHGXFHWKHHGG\FXUUHQWORVVRI
URWRU+RZHYHUWKH\ZRXOGUHGXFHWKHPHFKDQLFDOVWUHQJWKRI
URWRURUWKHSRZHUIDFWRUDVZHOODVLQFUHDVHWKHFRPSOH[LW\RI
URWRUVWUXFWXUH>@)RUWKHVZLWFKHGUHOXFWDQFHPDFKLQHWKH
VLPSOH FRQVWUXFWLRQ DQG WKH DELOLW\ WR RSHUDWH LQ WKH KDUVK
RSHUDWLRQDOHQYLURQPHQWVPDNHLWVXLWDEOHIRUWKHDSSOLFDWLRQV
RIWKHDLUEORZHUVDQGWKHVWDUWHUJHQHUDWRUV\VWHPIRUWKHPRUH
HOHFWULFDLUFUDIWHQJLQH>@'XHWRLWVRZQYLEUDWLRQDQGQRLVH
LWLVUDUHO\XVHGLQWKHILHOGRIIO\ZKHHOHQHUJ\VWRUDJHDWSUHVHQW
)RUWKHZRXQGURWRUV\QFKURQRXVDQGV\QFKURQRXVUHOXFWDQFH
PDFKLQHV ZLWKRXW 30V WKH\ ZRXOG VXIIHU IURP VRPH
5HODWLRQVKLSEHWZHHQ+RPRSRODU,QGXFWRU
0DFKLQHDQG:RXQGILHOG6\QFKURQRXV0DFKLQH
&<H-<DQJ);LRQJ=4=KX
$
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GUDZEDFNVVXFKDVORZUHOLDELOLW\RIEUXVKHVDQGIOX[EULGJHVDW
KLJKURWDWLRQDOVSHHGUHVSHFWLYHO\ORZWLSVSHHGUHVXOWLQJIURP
YXOQHUDEOHURWRUVWUHQJWKDQGWKXVORZSRZHUGHQVLWLHV2IWKH
YDULRXV HOHFWULFDO PDFKLQH WRSRORJLHV KRPRSRODU LQGXFWRU
PDFKLQHV +,0V KDYH DWWUDFWHG DWWHQWLRQV DQG KDYH EHHQ
DSSOLHG WR WKH )(66 LQ UHFHQW \HDUV >@ >@ %HFDXVH WKH
PDJQHWL]LQJ IOX[ RI+,0 LVJHQHUDWHGE\ ILHOG ZLQGLQJV WKH
H[FLWDWLRQ FXUUHQW FRXOGEH VZLWFKHGRII LQ WKH IUHHZKHHOLQJ
RSHUDWLRQVWDWHDQGWKXVWKHLGOLQJORVVHVZRXOGEHUHGXFHG,Q
VSLWHRIWKHUHODWLYHO\ORZHUWRUTXHGHQVLW\WKDQWKDWRIWKH30
PDFKLQHV+,0VDUHDEOHWRRIIHUIDYRUDEOHPHULWVRIWKHVLPSOH
DQG UREXVW URWRU VWUXFWXUH EUXVKOHVV H[FLWLQJ DQG ORZ LGOLQJ
ORVVHV >@ +HQFH +,0V FDQ VLJQLILFDQWO\ UHGXFH ORQJWHUP
KLJKVSHHGRSHUDWLRQ VHOIGLVFKDUJH ORVVHV ZKLFK LV HVVHQWLDO
IRUWKH)(66
7R IDFLOLWDWH WKH WKHRUHWLFDO DQDO\VLV RI +,0 VRPH
LQYHVWLJDWLRQVKDYHEHHQFDUULHGRXW7KH+,0IHDWXUHVXQLSRODU
PDJQHWL]LQJ DLUJDS IOX[ GHQVLW\ ZKLFK FDQ EHGLVFRPSRVHG
LQWRDVHULHVRIDFFRPSRQHQWVDQGDGFFRPSRQHQW7KHURWRU
WHHWKDQGVORWVDUH UHVSHFWLYHO\FRUUHVSRQGLQJWRWKHGLIIHUHQW
SRODULW\RIIXQGDPHQWDODLUJDSIOX[GHQVLW\ZKLFKLVGLVVLPLODU
ZLWKWKDWRIWKHFRQYHQWLRQDOZRXQGILHOGV\QFKURQRXVPDFKLQH
:60>@,WFDXVHGWKHGLVFXVVLRQVDERXWWKHGHILQLWLRQRI
WKH+,0GDQGTD[HVDQGZKHWKHUWKHWZRUHDFWLRQWKHRU\LV
DSSOLFDEOHWRWKLVPDFKLQH,QUHVSRQVHWRWKLVLVVXH(UGHO\LDQG
6LHJOFODLPHGWKDWWKHWZRUHDFWLRQWKHRU\FDQQRWEHVXLWDEOHIRU
WKH+,0EHFDXVHWKLVPDFKLQHKDVRQO\WKHGD[LV >@>@
$IWHU WKDW WKHQXPHULFDOPHWKRGLVXVHGWRDQDO\]H WKH+,0
XQGHU ORDGFRQGLWLRQZKLFKLVFRPSOH[DQGWLPHFRQVXPLQJ
$QGWKXVLWLVQRWFRQYHQLHQWIRUWKHSUDFWLFDODSSOLFDWLRQ7KHQ
/RULOOD >@ 7VDR >@ DQG 7DMLPD >@ GHULYHG WKH
PDWKHPDWLFDO PRGHO EDVHG RQ WKH 3DUN WUDQVIRUPDWLRQ WR
DQDO\]H WKH +,0 7KH\ XVHG WKH WZRUHDFWLRQ WKHRU\ WR
FDOFXODWH WKH DUPDWXUH UHDFWLRQ LQGXFWDQFH EXW LW ZDV QRW
SURYHGZKHWKHUWKHWZRUHDFWLRQWKHRU\FDQEHDSSOLFDEOHWRWKLV
W\SHRIPDFKLQH7RDGGUHVVWKLVIODZ/RXHWDOFHUWLILHGWKDW
WKHWZRUHDFWLRQWKHRU\ZDVDSSOLFDEOHWR+,0E\ILQLWHHOHPHQW
DQDO\VLV)($PHWKRGDQGH[SHULPHQWVDQGWKXVSRLQWHGRXW
WKDWWKHGHVLJQDQGDQDO\VLVPHWKRGRI+,0FRXOGUHIHUWRWKDW
RIWKH:60ZKLOHWKHUHODWLRQVKLSEHWZHHQWKH+,0DQG:60
ZDV QRW LOOXVWUDWHG >@ >@ 6HYHUVRQ HW DO GHULYHG WKH
HOHFWURPDJQHWLF WRUTXH RI EHDULQJOHVV +,0 DFFRUGLQJ WR WKH
WRUTXHHTXDWLRQRIFRQYHQWLRQDOV\QFKURQRXVPDFKLQHDQGWKHQ
REWDLQHGWKDWWKHHOHFWURPDJQHWLFWRUTXHRI+,0FRQFOXGHVWKH
UHOXFWDQFHDQGDOLJQPHQWWRUTXH>@+HQFHWKH+,0FDQEH
VHHQ DV FRQVLVWLQJ RI D V\QFKURQRXV UHOXFWDQFH PRWRU DQG D
F\OLQGULFDOV\QFKURQRXVPRWRU7KHPRGHORIWKHV\QFKURQRXV
UHOXFWDQFHPRWRUKDVEHHQSURYLGHGDFFRUGLQJWRWKHHIIHFWLYH
DLUJDS8QIRUWXQDWHO\WKHVWUXFWXUHRIF\OLQGULFDOV\QFKURQRXV
PRWRUFDQQRWEHREWDLQHGDFFRUGLQJWRWKLVSDSHU<DQJHWDO
SURSRVHG D VLPSOLILHG ' DQDO\WLFDO PRGHO :60 RI +,0
ZLWK WKH URWRU WRRWK ZLGWK ߠ௧ ൑ ߨȀ EDVHG RQ WKH VSDWLDORYHUOD\ PHWKRG WR UHGXFH WKH WLPH WR FDOFXODWH WKH HIIHFWLYH
PDJQHWL]LQJDLUJDSIOX[GHQVLW\RI+,0>@7KLVPRGHORQO\
FRQVLGHUV WKH HIIHFWLYH PDJQHWL]LQJ DLUJDS IOX[ GHQVLW\
UHODWLRQVKLSEHWZHHQWKH'HTXLYDOHQWPRGHODQG+,02WKHU
UHODWLRQVKLSVEHWZHHQ+,0DQG:60KDYHQRWEHHQVWXGLHG
$WWKHVDPHWLPHVRPHDUWLFOHVGHVFULEHWKH+,0DVPXFKOLNH
D :60 >@ 7KH PDLQ GLIIHUHQFH EHWZHHQ WKHP LV WKDW WKH
H[FLWDWLRQZLQGLQJRI:60LVRQWKHURWRUDQGWKDWRIWKH+,0
LVRQWKHVWDWRUDQGWKHUHLVQRFOHDUDQGLQGHSWKH[SODQDWLRQ
$VFDQEHVHHQIURPWKHVXPPDU\RISUHYLRXVLQYHVWLJDWLRQV
VRPHDQDO\VLVPHWKRGVRI:60KDYHEHHQXVHGWRDQDO\]HWKH
+,0 +RZHYHU D FOHDU H[SODQDWLRQ DERXW WKH UHODWLRQVKLS
EHWZHHQ:60DQG+,0LVQRWJLYHQDQGQHHGVPRUHLQGHSWK
LQYHVWLJDWLRQVZKLFKZLOOEHWKHIRFXVRIWKLVSDSHU7KLVSDSHU
LV RUJDQL]HG DV IROORZV ,Q 6HFWLRQ ,, WKH WRSRORJ\ DQG
RSHUDWLRQSULQFLSOHRI+,0DUHLQWURGXFHG,Q6HFWLRQ,,,WKH
H[SUHVVLRQV RI WKH NH\ SDUDPHWHUV RI +,0 DUH GHULYHG
LQFOXGLQJWKHDLUJDSIOX[GHQVLW\EDFN(0)DQGLQGXFWDQFHV
,Q6HFWLRQ,9WKHPDWKHPDWLFDOPRGHORI+,0LVGHULYHGDQG
WKHHTXLYDOHQWPRGHO(0RI+,0LVSURSRVHG,Q6HFWLRQ9
UHVXOWVREWDLQHGIURPWKH(0DUHFRPSDUHGZLWKWKRVHRI'
)($DQGFRUUHVSRQGLQJH[SHULPHQWV
,,0$&+,1(7232/2*<$1'23(5$7,2135,1&,3/(
7KHVWUXFWXUHRIGXDOVHJPHQWFRUH+,0LVVKRZQLQ)LJ
D,WVURWRULVPDGHRIVROLGVWHHO%RWKHQGVRIWKHURWRUKDYH
VDPHQXPEHURIURWRUWHHWK7KHOHIWDQGULJKWURWRUWRRWKD[HV
DUHGLIIHUHGE\ʌHOHFWULFDOGHJUHHIURPHDFKRWKHU7KH+,0
KDVWZRVWDWRUFRUHVZKLFKDUHERWKPDGHRIODPLQDWHGVLOLFRQ
VWHHOODPLQDWLRQV$FRQFHQWUDWHGILHOGZLQGLQJLVVDQGZLFKHG
E\ WKH WZR VWDWRU VHFWLRQV DQG HQFLUFOHV WKH URWRU $
FRQYHQWLRQDOWKUHHSKDVHDUPDWXUHZLQGLQJLVHPEHGGHGLQWKH
WZRVWDWRUVDORQJWKHD[LDOGLUHFWLRQ$VWDWRUVOHHYHLVPDGHRI
VROLGVWHHOZKLFKHQFORVHVWKHURWRUDQGVWDWRUDQGFKDQQHOVWKH
KRPRSRODUPDJQHWL]LQJIOX[JHQHUDWHGE\WKHILHOGZLQGLQJ
:KHQH[FLWDWLRQFXUUHQWLVLQMHFWHGLQWRWKHILHOGZLQGLQJWKH
'KRPRSRODUPDJQHWL]LQJIOX[RI+,0LVJHQHUDWHGDVVKRZQ
LQ)LJE2QHHQGRIWKHURWRUFRUHLVPDJQHWL]HGDV6RXWK
SROH DQG WKH RWKHU LV PDJQHWL]HG DV 1RUWKSROH 7KH DLUJDS
SHUPHDQFH FRUUHVSRQGLQJ WR WKH URWRU WHHWK DQG VORWV DUH
GLIIHUHQWZKLFKFRQWULEXWHVWRWKHDLUJDSIOX[GHQVLW\WREHQRW
HTXDO LQ WKH FLUFXPIHUHQWLDO GLUHFWLRQ +HQFH WKH EDFN(0)
ZRXOGEHJHQHUDWHGZKHQWKHURWRUURWDWHV
 D E
)LJ+,0D6WUXFWXUHE0DJQHWL]LQJIOX[
,,,0$7+(0$7,&$/02'(/2)+,0
,QWKLVVHFWLRQWKHPDWKHPDWLFDOPRGHORI+,0LVGHULYHG
7KHDVVXPSWLRQVDUHPDGHDVIROORZVL7KHLURQRI+,0KDV
LQILQLWHSHUPHDELOLW\DQGKHQFHWKHVDWXUDWLRQRILURQFRUHVLV
QHJOHFWHG LL )OX[ RQO\ FURVVHV WKH DLUJDS UDGLDOO\ LLL 7KH
+,0ZRUNVLQDVWHDG\VWDWH
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6

$)XQFWLRQRIDLUJDSSHUPHDQFH
7KH UDGLDO FURVVVHFWLRQ RI WKH +,0 RQ RQH VLGH RI ILHOG
ZLQGLQJLVVKRZQLQ)LJZKHUHȖLVWKHUDWLRRIWKHURWRUWRRWK
ZLGWKșWWRWKHVORWSLWFK ?ߨ ݌ ? DVGHVFULEHGE\
 W SJ T S   
)LJ5DGLDOFURVVVHFWLRQRIWKH+,0RQRQHVLGHRIILHOGZLQGLQJ
7KH PD[LPXP DQG PLQLPXP SHUPHDQFHV SHU XQLW DUHD RI
DLUJDSFDQEHH[SUHVVHGDV
PD[  JP/   PLQ  JP/   
+HQFHWKHSHUPHDQFHIXQFWLRQIRUWKHDLUJDSRQWKHOHIWVLGH
RIILHOGZLQGLQJLV
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
7KHVDOLHQW LURQSROHV RQERWK VLGHVRI H[FLWDWLRQ ZLQGLQJ
GLIIHU ߨ HOHFWULFDO GHJUHH IURP HDFK RWKHU 7KHUHIRUH WKH
SHUPHDQFH IXQFWLRQ IRU WKH DLUJDS RQ WKH ULJKW VLGH RI ILHOG
ZLQGLQJFDQEHFDOFXODWHGE\
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%1RORDGEDFN(0)
7KH PDJQHWRPRWLYH IRUFH 00) JHQHUDWHG E\ WKH ILHOG
ZLQGLQJ DFWV XSRQ WKH OHIW DQG ULJKW DLUJDSV LQ RSSRVLWH
GLUHFWLRQ,WFDQEHH[SUHVVHGDV
I  5 / I) ) 1 L  
7KHDLUJDSIOX[RQERWKVLGHVRIILHOGZLQGLQJLVGHSLFWHGLQ
)LJZKLFKVKRZVWKDWWKHGLUHFWLRQVRIPDJQHWL]LQJIOX[LQ
WKHOHIWDQGULJKWDLUJDSVXQGHUDFRLORIDUPDWXUHZLQGLQJDUH
RSSRVLWH %HVLGHV WKH IOX[HV RQ ERWK VLGHV RI ILHOG ZLQGLQJ
XQGHUWKHVDPHFRLODUHQRWHTXDOGXHWRWKHURWRUWRRWKDQGVORW
DE
)LJ  0DJQHWL]LQJ IOX[RID VLQJOH WXUQRIDUPDWXUHZLQGLQJRQERWK
VLGHVRIILHOGZLQGLQJD7KHURWRUWRRWKFRUUHVSRQGLQJWRWKHFRLOLVRQ
WKHOHIWVLGHRIILHOGZLQGLQJE7KHURWRUWRRWKFRUUHVSRQGLQJWRWKHFRLO
LVRQWKHULJKWVLGHRIILHOGZLQGLQJ
7KHDLUJDS IOX[GHQVLW\ZDYHIRUPVRQERWKVLGHVRI ILHOG
ZLQGLQJDUHUHVSHFWLYHO\GHSLFWHGLQ)LJVDFDQGHZKHQߠ௧ ൏ ߨȀ ?ǡ ߠ௧ ൌ ߨȀ ?ǡDQGߠ௧ ൐ ߨȀ ?7KHOHIWDQGULJKWDLUJDSIOX[GHQVLWLHVFDQEHGHFRPSRVHGLQWRDVHULHVRIKDUPRQLFVDV
GHVFULEHGE\ I

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
7KHIOX[OLQNDJHVJHQHUDWHGE\WKHILHOGZLQGLQJWKDWOLQNVD
VLQJOH WXUQ RI DQ DUPDWXUH ZLQGLQJ ZKLFK VSDQV ʌ HOHFWULFDO
GHJUHHFDQEHFDOFXODWHGDV
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ZKHUHK ZKHQM DK ZKHQM EDQGK ZKHQM F
 LQGLFDWHV WKDW RQO\ WKHRGGKDUPRQLFVRI DLUJDS IOX[
GHQVLW\ JHQHUDWHG E\ WKH ILHOG ZLQGLQJ ZRXOG OLQN ZLWK WKH
DUPDWXUHZLQGLQJ%HVLGHVWKHRGGKDUPRQLFFRPSRQHQWVDUH
WKHUHVXOWRIWKHVSDWLDORYHUOD\RIDLUJDSIOX[GHQVLW\RQERWK
VLGHVRIWKHILHOGZLQGLQJDORQJWKHD[LDOGLUHFWLRQZKLFKFDQ
EH FDOFXODWHG DVܤ௅ ൅ ܤோ  :KHQ WKH URWRU WRRWK ZLGWKߠ௧ ൏ߨȀ ?ǡ ߠ௧ ൌ ߨȀ ?ǡDQG ߠ௧ ൐ ߨȀ ? WKH ZDYHIRUPV REWDLQHG E\VSDWLDORYHUOD\PHWKRGDUHUHVSHFWLYHO\VKRZQLQ)LJVEG
DQGI$VVKRZQWKHDPSOLWXGHRIWKRVHZDYHIRUPVLVܤ௠௔௫ െܤ௠௜௡ DQG WKH UHVXOWDQW DLUJDS IOX[ GHQVLW\ LV ELSRODU ,Q
DGGLWLRQWKHZLGWKRIWKHZDYHIRUPDPSOLWXGHLVߠ௧ZKHQߠ௧ ൑ߨȀ ?  :KLOH WKH ZLGWK RI WKH ZDYHIRUP DPSOLWXGH LVሺ ?ߨ ݌ ? െ ߠ௧ሻ ZKHQ ߠ௧ ൐ ߨȀ ?  ZKLFK LQGLFDWHV WKDW WKHDPSOLWXGHZLGWKRIHIIHFWLYHDLUJDSIOX[GHQVLW\GHFUHDVHVZLWK
WKHLQFUHDVHRIWKHURWRUWRRWKZLGWKߠ௧
DE
FG
HI
)LJ$LUJDSIOX[GHQVLW\GLVWULEXWLRQDFDQGHUHVSHFWLYHO\GHSLFW
WKH IOX[ GHQVLW\ GLVWULEXWLRQ RQ ERWK VLGHV RI ILHOG ZLQGLQJ ZKHQߠ௧ ൏ߨȀ ?ǡ ߠ௧ ൌ ߨȀ ?ǡ DQG ߠ௧ ൐ ߨȀ ?Ǥ E G DQG I DUH WKH IOX[ GHQVLW\GLVWULEXWLRQREWDLQHGE\WKHVSDWLDORYHUOD\PHWKRGZKHQߠ௧ ൏ ߨȀ ?ǡ ߠ௧ ൌ
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6
ߨȀ ?ǡDQGߠ௧ ൐ ߨȀ ?UHVSHFWLYHO\7KH IOX[ OLQNDJHSHUSKDVH JHQHUDWHGE\ WKH ILHOG ZLQGLQJ
FXUUHQWFRUUHVSRQGLQJWRHDFKKDUPRQLFLVJLYHQE\
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+HQFHWKHSKDVHEDFN(0)RI+,0FDQEHFDOFXODWHGE\
  M P M IP( G GWO  
&6HOIDQGPXWXDOLQGXFWDQFHVRIDUPDWXUHZLQGLQJ
DE
)LJ  )OX[ JHQHUDWHG E\ DUPDWXUH ZLQGLQJ RQ ERWK VLGHV RI ILHOG
ZLQGLQJD7KHURWRUWRRWKFRUUHVSRQGLQJWRWKHFRLOLVRQWKHOHIWVLGH
RIILHOGZLQGLQJE7KHURWRUWRRWKFRUUHVSRQGLQJWRWKHFRLOLVRQWKH
ULJKWVLGHRIILHOGZLQGLQJ
7KHGLUHFWLRQVRIIOX[JHQHUDWHGE\ WKHDUPDWXUHZLQGLQJV
RQERWKVLGHVRIWKHILHOGZLQGLQJDUHWKHVDPHDVVKRZQLQ)LJ
7KHDLUJDSIOX[GHQVLWLHVRQWKHOHIWDQGULJKWVLGHVRIILHOG
ZLQGLQJFDQEHUHVSHFWLYHO\FDOFXODWHGE\
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7KHIOX[SURGXFHGE\WKHSKDVHMZLQGLQJWKDWOLQNVDVLQJOH
WXUQRISKDVHNZLQGLQJFDQEHFDOFXODWHGDV
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/  ¦ ZKLFKLV
WKHVXPRIWKHOHIWDQGULJKWDLUJDSSHUPHDQFH
7KXVWKHIOX[OLQNDJHVRIDUPDWXUHZLQGLQJFRUUHVSRQGLQJWRߥWKKDUPRQLFVJHQHUDWHGE\WKHDUPDWXUHZLQGLQJDUHJLYHQE\
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
7KHLQGXFWDQFHRIDUPDWXUHZLQGLQJLV
 N M N M M/ LQ QO  
7KHUHIRUH WKH VHOI DQG PXWXDO LQGXFWDQFHV RI DUPDWXUH
ZLQGLQJVFDQEHUHVSHFWLYHO\H[SUHVVHGDV
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$FFRUGLQJ WR  ܮ௝ǡ௝ DQGܮ௞ǡ௝ GHSHQG WR WKH URWRU
VKDSH DQGDUH UHODWHG WRȁQܮ௟௦LV WKH OHDNDJH LQGXFWDQFHRI
DUPDWXUHZLQGLQJZKLFKLVHTXDOWRܮ௟௦ǡ௘௡ௗ ൅ ܮ௟௦ǡ௖௢௥௘௦ ൅ ܮ௟௦ǡ௠௜ௗ 
DVVKRZQLQ)LJD
 DE
)LJ  D 7KH OHDNDJH LQGXFWDQFH GLVWULEXWLRQ RI DUPDWXUH ZLQGLQJ
ZKHUH ܮ௟௦ǡ௘௡ௗ  ܮ௟௦ǡ௖௢௥௘௦DQGܮ௟௦ǡ௠௜ௗ DUH WKH HQG OHDNDJH LQGXFWDQFH RI
DUPDWXUHZLQGLQJDUPDWXUHZLQGLQJHPEHGGHGLQWKHVWDWRUVORWVDQG
DUPDWXUH ZLQGLQJ EHWZHHQ WZR VWDWRU FRUHV UHVSHFWLYHO\ E 3KDVRU
GLDJUDPIRUDVLQJOHSKDVHRI+,0JHQHUDWRUFRQYHQWLRQ
,9(48,9$/(1702'(/
%DVHGRQWKHDERYHGHULYDWLRQVWKH+,0FDQEHWUDQVIRUPHG
LQWR DQRWKHU WRSRORJ\ RI PDFKLQH ZKLFK LV GHVLJQDWHG DV DQ
HTXLYDOHQW PDFKLQH (0 7KH VSHFLILF SURFHVVHV DUH
LQWURGXFHGDVIROORZV
$(OHFWURPRWLYHIRUFHEDODQFHHTXDWLRQ
7KHSKDVRUGLDJUDPIRUDVLQJOHSKDVHRI+,0LVVKRZQLQ
)LJE7KHHOHFWURPRWLYHIRUFHEDODQFHHTXDWLRQJHQHUDWRU
FRQYHQWLRQRI+,0FDQEHH[SUHVVHGDV>@>@
 D G G T T( 8 , U M , ; M , ;
x x x x x     
ZKLFKLQGLFDWHV WKDW LI WKHSDUDPHWHUV (
x  G;  T; DQG DU RID
PDFKLQHDUHHTXDOWRWKRVHRI+,0WKHRXWSXWSHUIRUPDQFHVRI
+,0FDQEHREWDLQHGE\DQDO\]LQJWKLVPDFKLQH
%6WDWRUDQGDUPDWXUHZLQGLQJ
7KH VWDWRU VWUXFWXUH DQG DUPDWXUH ZLQGLQJ RI (0 DUH WKH
VDPHZLWK WKRVHRI+,0DVVKRZQ LQ)LJ D+HQFH WKHLU
OHDNDJH LQGXFWDQFHVܮ௟௦ǡ௘௡ௗ DQG ܮ௟௦ǡ௖௢௥௘௦ RI DUPDWXUH ZLQGLQJ
DUHHTXDOUHVSHFWLYHO\
&5RWRU
$FFRUGLQJ WR  WKH(0VKRXOG PHHW WKH IROORZLQJ WZR
FRQGLWLRQVL7KHPDJQHWL]LQJDLUJDSIOX[GHQVLW\RIWKH(0
LV HTXDO WR WKH HIIHFWLYH DLUJDS IOX[ GHQVLW\ RI +,0 ZKLFK
HQVXUHVWKDWWKHQRORDGEDFN(0)RIWKHWZRPDFKLQHVDUHWKH
VDPHLL7KHDLUJDSSHUPDQHQFHRIWKH(0QHHGWREHHTXDOWR
WKDWRIWKH+,0ȁQZKLFKFDQHQVXUHWKDWWKHVHOIDQGPXWXDO
LQGXFWDQFHVRIWKHDUPDWXUHZLQGLQJVRIWKHWZRPDFKLQHVDUH
HTXDO$FFRUGLQJWRWKHHIIHFWLYHDLUJDSIOX[GHQVLW\REWDLQHG
E\WKHVSDWLDORYHUOD\PHWKRGLQ6HFWLRQ-?WKHURWRUVWUXFW XUH
RI(0LVGLYLGHGLQWRWKUHHW\SHVEDVHGRQWKHWRRWKZLGWKߠ௧RIWKH+,0
&DVHߠ௧ ൏ ߨȀ ?
)LJ D VKRZV WKH URWRU VWUXFWXUH RI WKH +,0 ZKHQߠ௧ ൏ߨȀ ?)LJVEDQGFVKRZWKHSHUPHDQFHZDYHIRUPVRIWKH
OHIW DQG ULJKW DLUJDSV RI WKH +,0 UHVSHFWLYHO\ 7KH DLUJDS
SHUPHDQFHȁQRI+,0LVVKRZQLQ)LJD$FFRUGLQJWRWKH
DQDO\VLVLQ6HFWLRQ-? LWFDQEHIRXQGWKDWWKHDPSOLWXGHDQG
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6

DPSOLWXGHZLGWKRIWKHHIIHFWLYHDLUJDSIOX[GHQVLW\ZDYHIRUP
RIWKH+,0DUHߠ௧DQGሺܤ௠௔௫ െ ܤ௠௜௡ሻUHVSHFWLYHO\7RREWDLQWKHVDPHHIIHFWLYHPDJQHWL]LQJDLUJDSIOX[GHQVLW\RIWKH+,0
WKHURWRUVWUXFWXUHRI(0LVJLYHQLQ)LJDZKHUHWKHWRRWK
ZLGWK LVߠ௧ DQG WKH PD[LPXP DQG PLQLPXP DLUJDS OHQJWKV
DUH݃ଶ DQG݃ଵ  UHVSHFWLYHO\ ,W FDQ EH VHHQ DV WUDQVODWLQJ WKHULJKW VHFWLRQ VDOLHQW LURQSROHV WR WKH OHIW VHFWLRQ VDOLHQW LURQ
SROHVDQGWKHUHVWRI+,0URWRUUHPDLQVXQFKDQJHG%HVLGHV
VDOLHQWSROHVZLWKWZRGLIIHUHQWFRORXUVDUHPDJQHWL]HGWRµ1¶
SROH DQG µ6¶SROH UHVSHFWLYHO\7KH DPSOLWXGHRI WKH DLUJDS
IOX[GHQVLW\RI(0LV
   DPS (0% ) JP 

ZKHUH)(0LVWKHDLUJDS00)JHQHUDWHGE\WKHILHOGZLQGLQJ
RI (0 ZKLFK ZLOO EH H[SORUHG ODWHU %DPS VKRXOG HTXDO WRሺܤ௠௔௫ െ ܤ௠௜௡ሻ7KH SHUPHDQFH ZDYHIRUP RI WKH OHIW VHFWLRQ RI WKH (0 LV
VKRZQLQ)LJE7RPDNHWKHSHUPHDQFHUHODWHGWRWKHVHOI
DQGPXWXDOLQGXFWDQFHRIDUPDWXUHZLQGLQJRI(0LVȁQWKH
SHUPHDQFHRIULJKWVHFWLRQRI(0LV
    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
ZKLFKLVGHSLFWHGLQ)LJF+HQFHWKHDLUJDSOHQJWKRIULJKW
VHFWLRQRI(0LVJ
 D E F
)LJ5RWRURIWKH+,0ZKHQߠ௧ ൏ ߨȀ ?D6WUXFWXUHEDQGFLVWKHDLUJDSSHUPHDQFHRQWKHOHIWDQGULJKWVHFWLRQVUHVSHFWLYHO\
D E F
)LJ5RWRURIWKH(0ZKHQߠ௧ ൏ ߨȀ ?D6WUXFWXUHEDQGF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)LJVKRZVWKHVHOIDQGPXWXDOLQGXFWDQFHVRIDUPDWXUH
ZLQGLQJV ZKHQ WKH ILHOG FXUUHQW LV  $ 7KH LQGXFWDQFHV RI
:60DUHGLYLGHGLQWRIRXUSDUWVLQFOXGLQJWKRVHRIDUPDWXUH
HQGZLQGLQJ3DUWVDQG7KHHQGZLQGLQJLQGXFWDQFHRI
DUPDWXUHZLQGLQJFDQEHREWDLQHGE\WKHPHWKRGLQ>@,WFDQ
EHVHHQWKDWWKHVHOIDQGPXWXDOLQGXFWDQFHVRI3DUWFKDQJHV
ZLWK URWRU URWDWLRQZKLOH WKRVHRI WKHDUPDWXUHZLQGLQJHQG
3DUWVDQGDUHFRQVWDQW7KHLQGXFWDQFHVRI3DUWVDQGFDQ
EHVHHQDVWKHHQGOHDNDJHLQGXFWDQFHVRI(07KHDYHUDJHVHOI
LQGXFWDQFHVRI(03DUWVDQGDUPDWXUHHQGZLQGLQJDUH
    DQG  + UHVSHFWLYHO\ 7KH
DYHUDJHVPXWXDOLQGXFWDQFHVRI(03DUWVDUH
 DQG  + UHVSHFWLYHO\ ,W FDQ EH REWDLQHG WKDW WKH
OHDNDJHVHOIDQGPXWXDOLQGXFWDQFHVRI(0LVDQG
+ZKLFKDFFRXQWIRUDQGRIWKHWRWDOVHOIDQG
PXWXDOLQGXFWDQFHVUHVSHFWLYHO\7KHIUHTXHQFLHVRIWKHVHOI
DQGPXWXDOLQGXFWDQFHRI(0DUHWZLFHWKHHOHFWULFDOIUHTXHQF\
RIPDFKLQH&RPSDULQJWKHLQGXFWDQFHZDYHIRUPVSUHVHQWHGLQ
)LJLWLQGLFDWHVWKDWWKHUHVXOWVREWDLQHGE\WKH(0DJUHH
ZHOOZLWKWKRVHRI+,0H[FHSWIRUVRPHHUURUVZKLFKPD\EH
FDXVHG E\ WKH IROORZ WZR UHDVRQV L 7KH HQG ZLQGLQJ
LQGXFWDQFHOVOHQGRI(0LVFDOFXODWHGE\WKHDQDO\WLFDOPHWKRG
LQ>@ZKLFKLVDQHPSLULFDOIRUPXODDQGWKXVWKHUHPD\EH
DQ HUURU EHWZHHQ UHVXOWV REWDLQHG E\ WKH DQDO\WLFDO DQG )($
FDOFXODWLRQ LL 7KH HGJH HIIHFW RI WKH ' +,0 FDQQRW EH
FRQVLGHUHGLQWKH'(0VLPXODWLRQ
 DE
)LJ,QGXFWDQFHRIDUPDWXUHZLQGLQJD6HOILQGXFWDQFHE0XWXDO
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
LQGXFWDQFH
7RFRPSDUDWLYHO\VWXG\ WKHSHUIRUPDQFHVRI(0DQG+,0
RQORDGVWDWHWKHDUPDWXUHZLQGLQJVDUHFRQQHFWHGWRDWKUHH
SKDVH V\PPHWULFDO UHVLVWDQFH ORDG 2QHIRXUWK ILQLWH HOHPHQW
)(PRGHORI+,0 LVXVHG WR VDYH WKHFRPSXWDWLRQ WLPHDV
VKRZQLQ)LJZKHUHܼ௟LVHTXDOWR ?Ǥ ?ȳDQGWKHRXWSXWLVDFWHUPLQDOYROWDJH ௟ܷ RUFXUUHQW݅௟
)LJ6LPXODWLRQPRGHORI+,0
7KH RXWSXW YROWDJH ZDYHIRUPV RI ERWK (0 DQG +,0 DUH
VKRZQ LQ )LJ D ,W FDQ EH IRXQG WKDW WKH UHVXOW RI (0
H[KLELWV JRRG FRQVLVWHQF\ ZLWK WKDW RI +,0 H[FHSWLQJ VRPH
VPDOO GHYLDWLRQ WKDWRFFXUV DV UHVXOWV RI WKH GLIIHUHQFH RI)(
PHVKTXDOLW\DQGWKHGLIIHUHQWGHJUHHVRIWKHVDWXUDWLRQRILURQ
FRUHV
 DE
)LJD2XWSXWYROWDJHZDYHIRUPVRI(0DQG+,0ZKHQߠ௧ ൌ ߨȀ ?ǤE2XWSXWWRUTXHZDYHIRUPVRI(0DQG+,0ZKHQߠ௧ ൌ ߨȀ ?Ǥ&DVHߠ௧ ൌ ߨȀ ?$FFRUGLQJ WR WKH DQDO\VHV LQ 6HFWLRQ -? WKH URWRU WRRWK
ZLGWKRI3DUWVDQGDUHߨȀ ?DQGߨȀ ? ?UHVSHFWLYHO\DQGWKH
URWRUVXUIDFHRI3DUWLVVPRRWK7KHPD[LPXPDQGPLQLPXP
DLUJDS OHQJWKV RI 3DUW  DUH  DQG  PP UHVSHFWLYHO\ DQG
WKRVH RI 3DUW  DUH  DQG  PP UHVSHFWLYHO\ )LJ D
VKRZV WKH DLUJDS IOX[ GHQVLW\ RQ ERWK VLGHV RI +,0 ILHOG
ZLQGLQJ,WFDQEHIRXQGWKDWWKHDPSOLWXGHVRIWKHOHIWDQGULJKW
DLUJDSIOX[GHQVLWLHVSDUWLDOO\RYHUODSXQGHUWKHVDPHHOHFWULFDO
DQJOHZKLFKPDNHVWKHHIIHFWLYHDLUJDSIOX[GHQVLW\REWDLQHG
E\VSDWLDORYHUOD\PHWKRGRIWKLVSDUWEHLQJ7DVVKRZQLQ
)LJE&RPSDUHGZLWKWKHDLUJDSIOX[GHQVLW\ZDYHIRUPV
RI WKH FRUUHVSRQGLQJ :60 LW FDQ EH VHHQ WKDW WKH WZR
ZDYHIRUPV DUH FRQVLVWHQW H[FHSW IRU VRPH HUURUV ZKLFK DUH
FDXVHGE\WKHHGJHHIIHFWRIURWRUWRRWKDVJLYHQLQ)LJF
)LJGJLYHVWKH IOX[OLQNDJHVRI+,0DQGFRUUHVSRQGLQJ
(0XQGHUGLIIHUHQWH[FLWLQJFXUUHQWVZKHQWKHURWDWLRQVSHHGLV
UPLQZKLFKLQGLFDWHVDJRRGDJUHHPHQWEHWZHHQWKHP
0HDQZKLOH WKH HUURU FDXVHG E\ WKH HGJH HIIHFW KDV OLWWOH
LQIOXHQFHRQWKHIOX[OLQNDJHVRIWKHWZRPRGHOV
 DE
  FG
)LJ$LUJDSIOX[GHQVLW\RID+,0RQERWKVLGHVRIILHOGZLQGLQJE
RI:60DQGܤ௅ ൅ ܤோUHVSHFWLYHO\F(GJHHIIHFWGLDJUDPRI+,0URWRUG)OX[OLQNDJHVRIDUPDWXUHZLQGLQJRI(0DQG+,0ZKHQߠ௧ ൌ ߨȀ ?7KH VHOI DQG PXWXDO LQGXFWDQFHV RI (0 DQG +,0 DUH
UHVSHFWLYHO\VKRZQLQ)LJVDDQGE%HFDXVHRIWKHURWRU
VORWVRIWKH3DUWVDQGWKHVHOIDQGPXWXDOLQGXFWDQFHVRI
WKHLU DUPDWXUH ZLQGLQJ FKDQJHV ZLWK WKH URWRU URWDWLRQ
0HDQZKLOH WKH LQGXFWDQFHVRI3DUW  DUHFRQVWDQWGXH WR WKH
VPRRWK URWRU VXUIDFH 7KH VHOI DQG PXWXDO LQGXFWDQFHV RI
:60DUHWKHVXPRIWKHVHOIDQGPXWXDOLQGXFWDQFHVRI3DUWV
DQGOVOHQG&RPSDULQJWKHLQGXFWDQFHVRIWKH+,0LWFDQ
EHVHHQWKDWWKHLQGXFWDQFHVRI(0DUHDJUHHZHOOZLWKWKRVHRI
WKH+,0
 D E
)LJ,QGXFWDQFHRIDUPDWXUHZLQGLQJZKHQWKHURWRUWRRWKLVߨD
6HOILQGXFWDQFHRIDUPDWXUHZLQGLQJE0XWXDOLQGXFWDQFHRIDUPDWXUH
ZLQGLQJ
7RFRPSDUDEO\VWXG\WKHORDGSHUIRUPDQFHVRIWKH(0DQG
+,0WKHRXWSXWWRUTXHVRI+,0DQG(0DUHLQYHVWLJDWHG7KH
VDPH WKUHHSKDVH V\PPHWULFDO FXUUHQWV ZLWK WKH URRW PHDQ
VTXDUHYDOXH$DUHLQMHFWHGLQWRWKHDUPDWXUHZLQGLQJRIWZR
PDFKLQHV 7KH DYHUDJH RXWSXW WRUTXHV JHQHUDWHG E\ WKH WZR
PDFKLQHVXQGHUGLIIHUHQWLQLWLDOSKDVHRIFXUUHQWDUHVKRZQLQ
)LJE,WFDQEHIRXQGWKDWWKHRXWSXWWRUTXHRI(0DJUHHV
ZHOO ZLWK WKDW RI +,0 %HVLGHV WKH WRUTXH RI WKH (0 LV
JHQHUDWHG E\ WKH :60 DQG 650 :KLOH WKH DYHUDJH WRUTXH
JHQHUDWHGE\650LVPXFKVPDOOHUWKDQWKDWRIWKH:60
&([SHULPHQW
)LJ VKRZV WKH VWUXFWXUHRI+,0ZLWK DUFVKDSHG URWRU
WRRWK WKH HGJHV RI WKH URWRU WHHWK DUH DUFVKDSHG 7KH (0
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
FRUUHVSRQGLQJ WR WKLV PDFKLQH FDQ EH REWDLQHG E\ WKH DIRUH
PHQWLRQHGPHWKRG7KHIOX[GHQVLW\GLVWULEXWLRQRI+,0ZLWK
DUFVKDSHGURWRUWRRWKLVDOPRVWWKHVDPHZLWKWKDWRIWKH+,0
ZLWK UDGLDO URWRU WRRWKZKLOHWKHOLPLWLQJVSHHGRI+,0ZLWK
DUFVKDSHGURWRUWRRWKLVUHODWLYHO\KLJKHU>@)RUJRRGURWRU
G\QDPLFSHUIRUPDQFHV WKHWRSRORJ\RI+,0ZLWKDUFVKDSHG
URWRU WRRWK ZDV FKRVHQ DQG LWV SURWRW\SH ZLWKߠ௧ ൌ ߨȀ ?KDVEHHQ PDQXIDFWXUHG 3LFWXUHV RI WKH VWDWRU URWRU DQG
H[SHULPHQWDOSODWIRUPDUHVKRZQLQ)LJDQGWKHSDUDPHWHUV
RIWKLVPDFKLQHDUHOLVWHGLQ7DEOH,
)LJ6WUXFWXUHRI+,0ZLWKDUFVKDSHGURWRUWRRWK


D

E F
)LJ3LFWXUHVRI+,0D6WDWRUE5RWRUF([SHULPHQWDOSODWIRUP
)LJV D DQG E VKRZ WKH PHDVXUHG SKDVH EDFN(0)
ZDYHIRUPV RI +,0 DW  UPLQ XQGHU RSHQ FLUFXLW VWDWH
ZKHUH WKH ILHOG FXUUHQW LV  DQG  $ UHVSHFWLYHO\ ,W FDQ EH
IRXQGWKDWWKHSKDVHEDFN(0)ZDYHIRUPVDUHDSSUR[LPDWHO\
WUDSH]RLGDO GXH WR WKH VKDSH RI URWRU WRRWK DQG WKH DUPDWXUH
ZLQGLQJGLVWULEXWLRQ%HVLGHVWKHDPSOLWXGHRIPHDVXUHGEDFN
(0)LVQRW9ZKHQWKHILHOGFXUUHQWLV$,WLVFDXVHGE\WKH
LURQFRUHUHPDQHQFHRIVWDWRUVOHHYHDQGURWRUZKLFKDUHPDGH
RIPHGLXPFDUERQVWHHO)LJFVKRZVWKHEDFN(0)
ZDYHIRUPV RI +,0 DQG :60 REWDLQHG E\ )($ 7KH ILHOG
FXUUHQWܫ௙ǡ௟RI(0LV HTXDO WR ?Ǥ ? ?ܫ௙ ,W FDQEH IRXQG WKDW WKH
UHVXOWV REWDLQHG E\ )($ KDYH WKH VLPLODU YDULDWLRQ WHQGHQF\
ZLWK WKH PHDVXUHG UHVXOWV )LJ D VKRZV WKDW WKH :60
SUHGLFWHG ' )($ PRGHO RI +,0 SUHGLFWHG DQG PHDVXUHG
UHVXOWV RI RSHQ FLUFXLW EDFN(0) XQGHU GLIIHUHQW H[FLWLQJ
FXUUHQWZKHQWKHURWDWLRQVSHHGLVUPLQ&RQVLGHULQJWKH
LQIOXHQFH RI LURQ FRUH UHPDQHQFH WKH PHDVXUHG RSHQ FLUFXLW
EDFN(0) FXUYH LV DGMXVWHG WR REWDLQ WKH RSHQ FLUFXLW
FKDUDFWHULVWLFFXUYHRI+,0>@7KHVWDUWLQJSRLQWRIWKHFXUYH
LVWUDQVODWHGWRWKHRULJLQRIWKHFRRUGLQDWH,WFDQEHVHHQWKDW
WKHRXWSXWYROWDJHRI(0DQG+,0REWDLQHGE\)($DUHLQJRRG
DJUHHPHQW ,Q DGGLWLRQ LW FDQ EH IRXQG WKDW WKHUH DUH VRPH
LQFRQVLVWHQFLHVEHWZHHQ)($DQGPHDVXUHGUHVXOWVZKLFKPD\
EHFDXVHGE\WKHOHDNDJHIOX[WKURXJKWKHHQGFDSVRI+,0DV
VKRZQLQ)LJE7RVXSSUHVVWKHIOX[OHDNDJHWKHHQGFDSV
RIWKH+,0DUHH[SHFWHGWREHFRQVWUXFWHGE\DQRQPDJQHWLF
PDWHULDO +RZHYHU LQ SUDFWLFH WKH HQG FDS PDWHULDO RI WKH
SURWRW\SHLVQRWWKHLGHDOQRQPDJQHWLFPDWHULDODQGKDVZHDN
SHUPHDELOLW\ 0HDQZKLOH LW LV GLIILFXOW WR REWDLQ WKH
SHUPHDELOLW\FXUYHRIWKHPDWHULDORIHQGFDSV7KXVWKHIOX[
OHDNDJHWKRXJKWKHHQGFDSVRI+,0LVKDUGWREHFRQVLGHUHGLQ
WKHVLPXODWLRQ
DE
F
)LJ7KHEDFN(0)ZDYHIRUPVDWUPLQD0HDVXUHGUHVXOWV
ZKHQܫ௙ ൌ  ?E0HDVXUHGUHVXOWVZKHQܫ௙ ൌ  ?F6LPXODWLRQUHVXOWV
ZKHQܫ௙ ൌ  ?ܫ௙ǡ௟ ൌ  ?Ǥ ? ?
DE
)LJD9DULDWLRQRIDPSOLWXGHRISKDVHEDFN(0)ZLWKILHOGFXUUHQW
DWUPLQ7KHDEVFLVVDRI³:60VLPXODWLRQ´LVܫ௙ǡ௟RWKHUVDUHܫ௙
E/HDNDJHIOX[SDWKFURVVLQJWKHHQGFDSV
)LJDJLYHVWKHH[SHULPHQWDOUHVXOWVRIWKHSKDVHFXUUHQW
RI +,0 ZLWK GLIIHUHQW ILHOG FXUUHQW DW  UPLQ ,W FDQ EH
IRXQGWKDWWKHSKDVHFXUUHQWLVQRW$ZKHQWKHH[FLWLQJFXUUHQW
LV$ZKLFKLVFDXVHGE\WKHURWRUDQGVOHHYHFRUHUHPDQHQFH
)LJ E JLYHV WKH FRPSDULVRQ EHWZHHQ WKH SKDVH FXUUHQW
DPSOLWXGHV UHVSHFWLYHO\ REWDLQHG E\ H[SHULPHQW DQG )($ DW
GLIIHUHQW VSHHGV ZKHQܫ௙ LV FKDQJHG IURP  WR  $ DQG WKH
UHVLVWDQFHER[KDVDUHVLVWDQFHRI ?Ǥ ?ȳSHUSKDVH,WFDQEHVHHQ
WKDWWKHDPSOLWXGHVRISKDVHFXUUHQWRI:60DQG+,0REWDLQHG
E\VLPXODWLRQDUHPDWFKHGZHOOZLWKHDFKRWKHU,QDGGLWLRQWKH
UHVXOWV REWDLQHG E\ VLPXODWLRQ DUH VPDOOHU WKDQ WKRVH RI WKH
H[SHULPHQW 7KH GLIIHUHQFHV EHWZHHQ VLPXODWLRQ DQG
H[SHULPHQWUHVXOWVEHFRPHVPDOOHUZLWKWKHLQFUHDVHRIH[FLWLQJ
FXUUHQW 7KH UHDVRQ LV WKDW DV WKH ILHOG FXUUHQW LQFUHDVHV WKH
SURSRUWLRQRILURQFRUHUHPDQHQFHWRWKHPDJQHWLFILHOGRIWKH
HQWLUHPRWRUZLOOGHFUHDVH7KRXJKWKHUHVXOWVREWDLQHGE\)($
LVVPDOOHUWKDQWKRVHRIWKHPHDVXUHGWKHLUYDULDWLRQWUHQGVDUH
FRQVLVWHQWDVVKRZQLQ)LJ
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6

 DE
)LJ/RDGFXUUHQWVD([SHULPHQWDOZDYHIRUPVRIWKHSKDVHFXUUHQW
RI +,0 ZLWK GLIIHUHQW ILHOG FXUUHQWV DW  UPLQ E 9DULDWLRQ RI
DPSOLWXGHRISKDVHFXUUHQWXQGHU GLIIHUHQWVSHHGVDQG ILHOGFXUUHQWV
7KHDEVFLVVDRI³:60VLPXODWLRQ´LVܫ௙ǡ௟RWKHUVDUHܫ௙
DE
)LJ/RDGSKDVHFXUUHQWZDYHIRUPVDWUPLQZKHQWKHH[FLWLQJ
FXUUHQWVܫ௙ ൌ  ?ܫ௙ǡ௟ ൌ  ?Ǥ ? ?D0HDVXUHGE6LPXODWLRQ
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7KHUHODWLRQVKLSEHWZHHQWKH+,0DQG WKH:60KDVEHHQ
HVWDEOLVKHGWKHRUHWLFDOO\DQGYDOLGDWHGLQWKLVSDSHU)LUVWO\WKH
WRSRORJ\DQGEDVLFRSHUDWLRQSULQFLSOHRI+,0DUHLQWURGXFHG
7KH PDWKHPDWLFDO H[SUHVVLRQV LQFOXGLQJ WKH DLUJDS IOX[
GHQVLWLHVRQERWKVLGHVRIWKHILHOGZLQGLQJWKHEDFN(0)WKH
VHOIDQGPXWXDOLQGXFWDQFHVRIDUPDWXUHZLQGLQJVDUHGHULYHG
%DVHGRQWKHVHPRGHOVDQGUHVXOWVLWLVVKRZQWKDWWKH+,0FDQ
EHUHJDUGHGDVD:60ZLWKODUJHHQGOHDNDJHLQGXFWDQFHZKHQ
URWRU WRRWK ZLGWKߠ௧ ൑ ߨȀ  RU D FRPELQDWLRQ RI :60 DQGV\QFKURQRXV UHOXFWDQFH PDFKLQH 650 ZKHQߠ௧ ൐ ߨȀ݌7KH
UHODWLYHYDOXHVRIWKHV\QFKURQRXVUHDFWDQFHVݔௗDQGݔ௤ GHSHQG
RQWKHFRUUHVSRQGLQJHOHFWULFDQJOHRIURWRUWRRWKZLGWKRI+,0
:KHQߠ௧ ൏ ߨȀ ? WKH V\QFKURQRXV UHDFWDQFHVݔௗ ൐ ݔ௤  ZKHQߠ௧ ൌ ߨȀ ?ݔௗ ൌ ݔ௤ DQG ZKHQߠ௧ ൐ ߨȀ ?ݔௗ ൏ ݔ௤ 0RUHRYHU
WKH DLUJDS IOX[ GHQVLW\ GLVWULEXWLRQV WHUPLQDO YROWDJHV DQG
LQGXFWDQFHVRI:60DQG+,0DUHFRPSDUDWLYHO\LQYHVWLJDWHG
,WLQGLFDWHVWKDWWKHUHVXOWVREWDLQHGE\WKHHTXLYDOHQWPDFKLQH
DJUHHZHOOZLWKWKRVHRIWKH+,0)LQDOO\WRYHULI\WKHYDOLGLW\
RIWKHVLPXODWLRQVDQGDQDO\VHVDSURWRW\SHRI+,0ZLWKDUF
VKDSHGURWRUVORWLVWHVWHG7KHUHVXOWVYDOLGDWHWKDWWKH+,0FDQ
EH UHJDUGHGDVD:60RU FRQVLVWLQJRID:60DQGD650
ZKLFK VKRXOG EH KHOSIXO IRU WKH XQGHUVWDQGLQJ GHVLJQ DQG
DQDO\VLVRIWKH+,0
5()(5(1&(6
>@ 9%RLFHD³(QHUJ\VWRUDJHWHFKQRORJLHV7KHSDVWDQGWKHSUHVHQW´3URF
,(((YROQRSS±1RY
>@ 69D]TXH]6/XNLF(*DOYDQ/)UDQTXHORDQG-&DUUDVFR³(QHUJ\
VWRUDJH V\VWHPV IRU WUDQVSRUW DQG JULG DSSOLFDWLRQV´ ,((( 7UDQV ,QG
(OHFWURQYROQRSS±'HF
>@ $UDQL$$ .KRGDGRRVW HW DO 5HYLHZ RI )O\ZKHHO (QHUJ\ 6WRUDJH
6\VWHPV VWUXFWXUHVDQGDSSOLFDWLRQV LQSRZHU V\VWHPVDQGPLFURJULGV
5HQHZ6XVWDLQ(QHUJ\5HYYROQRSS0DU
>@ 7'1JX\HQ.-7VHQJ6=KDQJDQG+71JX\HQ³$QRYHOD[LDO
IOX[ SHUPDQHQWPDJQHW PDFKLQH IRU IO\ZKHHO HQHUJ\ VWRUDJH V\VWHP
'HVLJQDQGDQDO\VLV´,(((7UDQV,QG(OHFWURQYROQRSS±
6HS
>@ ,+DGMLSDVFKDOLV$3RXOOLNNDVDQG9(IWKLPLRX³2YHUYLHZRIFXUUHQW
DQGIXWXUHHQHUJ\VWRUDJHWHFKQRORJLHVIRUHOHFWULFSRZHUDSSOLFDWLRQV´
5HQHZ6XVWDLQ(QHUJ\5HYYROQRSS±
>@ 60 -DQJ -+ 3DUN '- <RX DQG 6+ &KRL ³$QDO\VLV RQ
RSHUDWLRQDOSRZHUDQGHGG\FXUUHQWORVVHVIRUDSSO\LQJFRUHOHVVGRXEOH
VLGHG SHUPDQHQW PDJQHW V\QFKURQRXV PRWRUJHQHUDWRU WR KLJKSRZHU
IO\ZKHHO HQHUJ\ VWRUDJH V\VWHP´ - $SSO 3K\V YRO  QR  SS
)±)$SU
>@ - /DKWHHQPDNL ³'HVLJQ DQG YROWDJH VXSSO\ RI KLJKVSHHG LQGXFWLRQ
PDFKLQHV´3K'GLVVHUWDWLRQ+HOVLQNL8QLY7HFKQRO(VSRR)LQODQG

>@ - 3\UKRQHQ - 1HUJ 3 .XUURQHQ DQG 8 /DXEHU ³+LJKVSHHG KLJK
RXWSXW VROLGURWRU LQGXFWLRQ PRWRU WHFKQRORJ\ IRU JDV FRPSUHVVLRQ´
,(((7UDQV,QG(OHFWURQYROQRSS±-DQ
>@ -)*LHUDVDQG-6DDUL³3HUIRUPDQFHFDOFXODWLRQIRUDKLJKVSHHGVROLG
URWRU LQGXFWLRQ PRWRU´ ,(((7UDQV ,QG (OHFWURQ YRO  QR  SS
±-XQ
>@ :/6RRQJ*%.OLPDQ51-RKQVRQ5$:KLWHDQG-(0LOOHU
³1RYHO KLJKVSHHG LQGXFWLRQ PRWRU IRU D FRPPHUFLDO FHQWULIXJDO
FRPSUHVVRU´ ,(((7UDQV ,QG$SS YRO QR SS ±0D\

>@ '*HUDGD$0HEDUNL1 /%URZQ&*HUDGD$&DYDJQLQRDQG$
%RJOLHWWL +LJK6SHHG (OHFWULFDO 0DFKLQHV7HFKQRORJLHV7UHQGV DQG
'HYHORSPHQWV,(((7UDQVRQ,QG(OHFWURQYROQRSS
-XQ
>@ ' + /HH 7 + 3KDP DQG - : $KQ ³'HVLJQ DQG RSHUDWLRQ
FKDUDFWHULVWLFV RI IRXUWZR SROH KLJK VSHHG 650 IRU WRUTXH ULSSOH
UHGXFWLRQ´,(((7UDQV,QG(OHFWURQYROQRSS±6HS

>@ 37VDR06HQHVN\DQG656DQGHUV³$QLQWHJUDWHGIO\ZKHHOHQHUJ\
VWRUDJH V\VWHP ZLWK KRPRSRODU LQGXFWRU PRWRUJHQHUDWRU DQG
KLJKIUHTXHQF\GULYH´,(((7UDQV,QG$SSOYROQRSS±
1RY'HF
>@ &<H-<DQJ;/LDQJ);LRQJDQG:;X³,QYHVWLJDWLRQDKLJK
IUHTXHQF\SXOVHGDOWHUQDWRULQWHJUDWHGPRWRUDQGDOWHUQDWRU´,(((7UDQV
,QG(OHFWURQHDUO\DFFHVV
>@ ( 6HYHUVRQ 5 1LOVVHQ 7 8QGHODQG DQG 1 0RKDQ ³0DJQHWLF
HTXLYDOHQW FLUFXLW PRGHOLQJRI WKHDF KRPRSRODU PDFKLQH IRU IO\ZKHHO
HQHUJ\VWRUDJH´,(((7UDQV(QHUJ\&RQYHUVYROˈQRSS±
'HF
>@ = /RX .<X/:DQJ=5HQDQG& <H³7ZRUHDFWLRQ WKHRU\RI
KRPRSRODU LQGXFWRUDOWHUQDWRU´,(((7UDQV(QHUJ\&RQYHUVYRO
QRSS±6HS
>@ 06LHJODQG($(UGHO\L³'DPSHUEDUVDQGWKHLULQIOXHQFHLQRSHUDWLQJ
KRPRSRODU LQGXFWRU DOWHUQDWRUV IRU DHURVSDFH VXSSOLHV²3DUW ,
'HWHUPLQDWLRQ RI VDWXUDWHG WLPHGHSHQGHQW UHDFWDQFHV´ ,((( 7UDQV
$HURVS(OHFWURQ6\VWYRO$(6QRSS±1RY
>@ ($(UGHO\L³,QIOXHQFHRILQYHUWHUORDGVRQWKHDLUJDSIOX[RIDHURVSDFH
KRPRSRODUDOWHUQDWRUV´,(((7UDQV$HURVSYRO$6QRSS±
-XQ
>@ / /RULOOD ³,QYHVWLJDWLRQ RI WKH KRPRSRODU LQGXFWRU DOWHUQDWRU IRU
DXWRPRWLYH DSSOLFDWLRQV´ 06 WKHVLV 'HSW (OHFW (QJ &RPSXW 6FL
0DVVDFKXVHWWV,QVW7HFKQRO&DPEULGJH0$86$
>@ * 7DMLPD 7 .RVDND 1 0DWVXL . 7RQRJL 1 0LQRVKLPD DQG 7
<RVKLGD³&RQWURORIZRXQGILHOGV\QFKURQRXVPRWRULQWHJUDWHGZLWK=6,
´LQ3URF,QW3RZHU(OHFWURQ&RQISS±
>@ = /RX < &KHQJ < +H 4 6KHQ ; ;LH DQG . <X $QDO\WLFDO
&DOFXODWLRQ RI 6\QFKURQRXV 5HDFWDQFHV RI +RPRSRODU ,QGXFWRU
$OWHUQDWRU,(((7UDQV3ODVPD6FLYROQRSS0D\

>@ (6HYHUVRQ51LOVVHQ78QGHODQGDQG10RKDQ $QDO\VLVRI WKH
EHDULQJOHVV$&KRPRSRODUPRWRULQ3URFWK,(((,&(06HS
SS±
>@ - <DQJ & <H ; /LDQJ : ;X ) ;LRQJ < ;LDQJ DQG : /L
³,QYHVWLJDWLRQRID WZRGLPHQVLRQDODQDO\WLFDOPRGHORI WKHKRPRSRODU
LQGXFWRUDOWHUQDWRU´,(((7UDQVRQ$SSO6XSHUFRQGYROQRSS
$SU
>@ '*HUDGD$0HEDUNL1/%URZQ&*HUDGD$&DYDJQLQRDQG$
%RJOLHWWL +LJK6SHHG(OHFWULFDO0DFKLQHV7HFKQRORJLHV7UHQGVDQG
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6

'HYHORSPHQWV,(((7UDQVRQ,QG(OHFWURQYROQRSS
-XQ
>@ 7$/LSR,QWURGXFWLRQWR$&0DFKLQH'HVLJQ0DGLVRQ:,:LVFRQVLQ
3RZHU(OHFWURQ5HV&HQWHU8QLYRI:LVFRQVLQ

